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ABSTRACT

This report has been prepared to determine current industry capability
for fabricating case segments and closures for large segmented solid pro-
pellant rocket motors, The study was based on the premise that large solid
rocket motor cases with maximum reliability would be required as early as
possible, Therefore, the basiclarge motor development program philosophy
to utilize only current state of the art materials and manufacturing processes

has been followed,

The capability of industry to fabricate cylindrical case segments using
roll and weld technique, machined ring forging and power shear spinning is

presented,

For closure fabrication, the capability of industry to fabricate closures
by spinning, explosive forming and welding is presented. Because of the
limited technology currently available with more advanced fabrication tech-
niques such as strip lap, fiberglas winding and cryogenic stretch forming,
these processes could not be considered for immediate use on alarge motor

development program,

The current capabilities of industry are further broken down to cover
available vertical lathes, horizontal lathes, heat treat facilities, expandable
mandrels, forged ring facilities, power shear spinning, welding, roll for-
mers and flat plate production. Production schedules were developedtopre-
dict the required number of case segments for several motor diameters
under consideration. Tables are presented which summarize the availability
and requirements of facilities, cost and lead time to obtain the capability for

four motor diameters; 100, 136, 156 and 200 inches diameter.
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INTRODUCTION

The necessity has been established to determine the capabilities of
industry to fabricate large rocket motor cases and closures for peak
research and development testing. The selection of afabrication tech-
nique is dependent on the reliability of the chosen technique and the
availability of the required facilities or the capability of installing
such facilities in a timely manner. Therefore, an attempt was made
to evaluate the capability of industry to fabricate rocket motor seg-
ments and closures by various known methods. The collection of in-
formation contained herein represents a summary of facts obtained
during a two month period by a telephone survey and several trips
conducted in August and September 1961. Representatives were con-
tacted from various rocket, manufacturing, machine and transporta-
tion companies throughout the United States. Certainly, no such study
could be all inclusive nor 100 percent accurate because of the inade-
quacy of verbal communication., It is felt,however, that this report
provides a representative cross section of industrytoday and the con-

clusions drawn are considered to be valid,



DISCUSSION

In order to make a study such as this more meaningful, a development .
program was laid out to investigate the capability of fabricating rocket motor
cases of several diameters. The diameters selected were 100 inches, 136 .
inches, 156 inches and 200 inches since these sizes are representative of the
diameters currently being considered for future large motor development
programs. It was necessary to estimate the number of case segments re-
quired per month during the development program. It is assumed these pro-
duction rates are representative of an accelerated single contractor effort.
If a dual contractor effort is considered, the facilities requirements must be

doubled to reflect this increased production rate.

The following table summarizes the number of segments per month

needed for various phases of the program.

Total Segments/Month

Mtr. Dia, No. Center Gross R and D | Qual. PFRT
(Inches) Seg. /Mtr. Prop. Wt. Testing | Testing | Testing

100 5 330, 000 4 4 7
136 6 855, 000 8 12 18
156 7 1,250, 000 7 13 16
200 6 1,878,000 5 9 15

The report is in two parts., Part I includes fabrication of rocket motor

cylindrical case segments and Part II covers rocket motor closure fabrication,

vi



PART 1
FABRICATION OF ROCKET MOTOR CYLINDRICAL CASE SEGMENTS

FABRICATING TECHNIQUES CONSIDERED.

Roll and Weld Technique.

This method of fabrication is widely used throughout industry in
fabricating rocket motor cases. Only slight modifications are required to
adapt this method to segmented case fabrication. Flat steel plates are rolled
to form cylinders and then welded longitudinally. Upsetting the ends to pro-
vide reinforced sections for welding may be desirable, but is not considered
necessary at the present time. Two or more of these rolled sections can be
welded together circumferentially to produce cylindrical sections of the
desired length. For the rocket motor segments under consideration, it is
necessary to weld a full diameter forged joint ring on each end of the cylin-
drical segments for subsequent mating of the chamber assemblies. Close
control of welding operations can produce diametral tolerances on these
cylindrical sections approaching 0.1 % of nominal case diameter. Since this
represents approximately 0.15 inches on a 156 inch diameter case segment,
this may not be desirable. In either case, an internal sizing operation on a
stretch press (expandable mandrel) is desirable to obtain the exact internal
case diameter after welding. This operation also removes any localized
stresses at the weld areas due to mismatch and produces a more uniform

material cross section by actually yielding all parts of the case material.

After sizing, the case segment is supported internally to minimize effects
of distortion and the entire assembly is heat treated to obtain the desired
strength level in the case material. Sand blasting removes any scale formed
during the heat treat cycle. The final operation is to finish machin: the joint
rings on each end of the segment to the required configuration, No machining

is required on the rolled center section between the joint rings.



Machined Ring Forging Technique.

This technique offers a method of manufacturing case segments which
eliminates the longitudinal weld requirement dictated by the roll and weld
technique. The less critical (from a stress standpoint) circumferential welds
are still required. A case segment is fabricated by welding together
(circumferentially) large diameter rolled ring forgings to form the desired
segment length, The maximum length of rolled ring forgings presently
available is 65 inches, therefore, three to four rolled ring forgings would be
required for the case segment lengths under consideration. Case segments
can be fabricated from these rolled ring forgings by two divergent approaches:
one approach requires heat treat of the entire case segment assembly after
welding and the other approach does not require heat treatment of the case
segment assembly after welding. The relative merits of each approach are

discussed below,

Heat Treat After Assembly.

Rolled ring forgings are received in the "as rolled," or annealed condi-
tion. As such, they have large amounts of slag which must be removed by
machining, These individual ring forgings can be finish machined to produce
the required wall thickness prior to welding the individual ring forgings
together. However, the ends of each ring forging must have a slightly
increased section thickness to allow for satisfactory welding. Also, pro-
visions must be made to incorporate increased sections at the end of each
case segment assembly to allow machining of the segment joint configuration,
By proper fixturing, the individual machined forgings can now be joined
together with circumferential welding. After stress relieving, a normal heat
treat cycle is required to obtain the desired strength level in the assembled
case segment material. Finally, the finished joint configuration can be

machined on each end of the case segment assembly,

This method of fabrication is currently being used for production of
Minuteman cases and is well established. On very large diameter cases,
this technique may become extremely costly and thereby lessen the attrac-

tiveness of increased reliability. It is estimated that a minimum weight of



steel forgings equal to twice the finished case segment weight would be
required. This is necessary to allow for forged ring rolling tolerances,
scale removal and increased sections at the weld area. Thus, for a typical
case segment weight of 15, 000 pounds, an additional 15,000 pounds of steel
would have to be procured at an estimated cost of $1.00 per pound. For the
large number of case segments being considered, the total difference in
material cost would become appreciable. In addition, muvch more machining

time is required to bring the rough forgings to the required dimensions.

Heat Treat Prior to Assembly.

Rolled ring forgings are received in the heat treated and hardened condi-
tion. The only advantage to this approach is that a large atmospherically
contro’led heat treat furnace is not required. The rolled ring forgings can
be heat treated in any available gas fired furnace. The large amount of
carburized surface material can then be machined away from the ring for-
ging, thus exposing acceptable hardened steel for case segment fabrication.
Then, in a manner similar to that followed in the previous approach, the
individual ring forgings are then finish machined to produce the required
wall thickness and then welded together circumferentially. However, since
the final assembly is not heat treated after assembly, the end of each ring
forging must have a greatly increased section thickness (at least twice the
minimum wall thickness) to allow for localized loss of yield strength during
the welding operation. This method is even more undesirable from an
economic standpoint than the approach previously outlined. It has been con-
servatively calculated that this approach would require a minimum weight of
ring forgings equal to four times the finished case weight., This is due to
the large amount of excess material required to allow for surface carburizing
during heat treat and the greatly increased section thickness required to com-
pensate for localized loss of yield strength at each non-heat treated weld area.
Furthermore, the requirement to machine increased quantities of fully har-
dened steel forgings would make the machining time and cost impractical if
not prohibitive, It is estimated that the time and material savings from a

single 156 inch diameter motor would be sufficient to design, and build an



atmospherically controlled heat treat furnace. Therefore, this approach

has not been considered further in this report.

Power Shear Spinning Technique.

This method of fabrication is being used more frequently as the state of
the art advances. A ring forging or roll and weld preform with a wall thick-
ness greater than the desired case wall thickness is placed over one end of
a mandrel sized to the internal dimensions of the case segment. Large
rollers then force the preform material to "cold flow" by shearing along the
length of the mandrel as the mandrel and forging are caused to spin about
their longitudinal axis. This operation requires tremendous force to shear
the metal at ambient temperature. Several passes are required to reduce
the original preform to the desired wall thickness and concurrently, increase
the preform to the desired length. The possibility exists to roll thicker
sections on either end suitable for machining joints, however, this process
appears to be very costly because a collapsible mandrel is required. After
rolling is completed, the metal has been cold worked tremendously and has
uneven stress distribution. Therefore, full heat treating is required similar
to the roll and weld technique. After the heat treat cycle, the ends are then
machined to the desired joint configuration. The main advantage is that the
longitudinal weld is eliminated thus permitting use of a higher design stress
level for a given material with no loss of reliability. The cost for fabricating
cases is relatively independent of the stress level of the end product. Thus,
this process becomes more attractive when it is necessary to employ high
yield strength material. The main disadvantage is that it is unproven in the
large sizes and that the initial tooling required is rather expensive. However,
the tooling should be reusable indefinitely with adequate care during use, and
thus it appears for fabricating a large number of cases this method would
become attractive from a cost standpoint. The largest diameter case fabri-
cated to date by this technique has been 65 inches even though 120 inches
diameter is the maximum capacity of the facility. It is estimated that the
cost of fabricating case segments by this method (exclusive of facilities) would
be twice the cost for roll and weld fabrication. This method is not presently

attractive for early production of large case segments due to the lack of
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suitable facilities and demonstrated capability. A more detailed discussion

of the facilities has been included later.
AVAILABLE FACILITIES.

In an attempt to evaluate industry's capability to fabricate large solid
propellant rocket motor cases, a telephone survey was conducted by which
some sixty-five companies were contacted. (See Appendix III for a complete
listing). The existing capabilities are categorized below. The capability of
industry to meet the requirements for fabricating case segments by the three

selected methods is discussed,

Roll and Weld Technique.

There are several steel companies that are capable of producing Ladish
Dé6aC steel billets: Crucible Steel Co of America, Pittsburg, Pa.; Republic
Steel Co., Cleveland, Ohio; Alleghany Ludlum Co., Pittsburg, Pa.; and
Midvale - Heppenstale Steel Co., Pittsburg, Pa. The average minimum pro-
duction rate for each of these companies is rated at one 50, 000 pound billet
per day. This would be sufficient to meet any of the schedule presented.
Likewise, the availability of vacuum remelted AMS 6434 or AMS 255 is con-

sidered adequate to meet any of the production schedules outlined.

The major producer of flat plate steel with Ladish I YaC steel is Lukins
Steel Co., Coatsville, Pa. Their present capability of producing one-half
inch thick steel plate of Ladish D6aC is:

Width Length

140 inches 520 inches
150 inches 480 inches
160 inches 400 inches
170 inches 360 inches
186 inches 300 inches

The limiting factor in producing larger sizes of flat plate is their rolling
mill, The Ladish D6aC cold works to the point that a heavier mill would be
required to roll larger sizes. The lead time for a new mill is estimated at

two years., It would be easier to heat treat the semi-finished plate steel and

5



then re-roll it. Two plates could be welded and then rolled. A lead time of
seven to eight weeks is required for delivery and they are capable of produc-

ing twenty-four plates per week,

Rolling flat plate sections up to twenty feet wide appears to be feasible
with existing equipment. Practically every major steel facility has the capa-
bility of rolling steel plate into cylindrical segments 12 feet to 17 feet
diameter and 12 feet to 20 feet long.

Two facilities that were contacted had the capability of forging joint
rings larger than 14 feet in diameter. U.S. Steel stated they could produce
17 feet diameter ring forgings at a rate of one per week. The Ladish Steel
Co., stated they could produce up to 17 feet diameter ring forgings at a rate
of four per day with their present rolling equipment. This is in excess of

the maximum that would be required for any of the programs presented.

By examining Appendix III, it can be seen that several companies have
the capability of automatic welding large diameter steel sections using inert
gas. Most of these companies have the capability to hold the tolerances
required with existing facilities, However, each facility would require
approximately $150, 000 for special tooling to adapt to any of the various size
diameters being considered. This additional equipment needed such as heater
holders, rings and positioners would be classified as special equipment or

tooling and not be included in this report.

The largest expandable mandrel available in this country is located in
Inglewood, Calif., at the Arrow-Smith Tool and Die Co. The present facility
is capable of stretching a 12 feet long 13 feet diameter steel case. The
Hufford Machine Works, El Segundo, Calif., has a machine which can stretch
up to 10 feet in diameter, 23 feet long. Douglas Aircraft has a 6 feet maxi-
mum diameter, 30 feet long expandable mandrel which is used in Nike-Zeus
cases. The Douglas Facility could be modified to take 20 feet diameter in
three months for $50,000. A new machine could be built in three months by
Arrow-Smith Tool and Die Co., to the same size for $150, 000, Since the
Douglas facility is being used for Nike-Zeus cases, it is considered advisable

to build a new facility.



The following observations have been made regarding atmospherically
controlled heat treat facilities: Three types of currently available heat treat
facilities are considered satisfactory for treatment of the rocket motor case;
the gantry furnace, the pit furnace and a modified car-bottom furnace with

provisions for vertical suspension of the case segment,

The atmospherically controlled gantry furnace is the most expensive,
but is rated as the best approach since it produces the most uniform stress
distribution along the case length, The case segment is bottom quenched,
and thus is never exposed to the atmosphere until after the quench operation.
The pit type furnace is the least expensive, but does not produce uniform
longitudinal stress distribution. The case segment must be lifted out of the
heat treat pit and inserted into the quench media. Thus, the top of the case
is the first section to be exposed to air and the last section being quenched.
The modified car-bottom furnace is considered acceptable if provisions are
included to provide vertical suspension of cases during heat treat. Further,
a protective retort or bottom quench method must be provided to minimize

effects of the atmosphere prior to quench,

J. W. Rex, Landsdale, Pa., is presently installing a large controlled
atmosphere gantry furnace and quench facility which will be operational in
November 1961. The working diameter is 140 inches, and the working length
is 35 feet. An oil quench is available, bu.t salt quench will require tank :
modification. J. W. Rex Co. has recently announced that they would modify
the above facility to accept 160 inches diameter segments if a $500, 000 order
were assured or the modification cost of $150, 000 were provided. This modi-
fication would require only 90 days and would include oil quench provisions.

Additional modification would be required for salt quench.

The Thurner Co., Milwaukee, Wis., is presently negotiating to build a
100 inch diameter gantry furnace with atmospheric control., This firm was
not aware that a need existed for a diameter larger than 100 inches. The
present design could easily be modified to 200 inches in diameter. This firm
indicated an interest in modifying the present design and building to the larger

size.



United Heat Treat Co., Fort Worth, Texas., has a slot and car furnace
with atmospheric control. The size of this furnace is 16 feet high, 14 feet
wide and 8 feet long. This company is willing to lengthen the furnace to any
required length by 1 January 1962 if there is any justification.

Consolidated Western is presently modifying their existing stress relieve
furnace to incorporate atmospheric control, vertical case suspension, and
quench media for all motor sizes being considered. The furnace is an
18' x 18' x 61' long car bottom furnace and will be capable of 2100°F. This
This is planned to be operational by January 1962.

Willamette Iron and Steel Co., Portland, Ore., has plans to build a 15
feet diameter by 20 feet deep gantry furnace with atmospheric control and
quench facilities, This will be built with company funds and can be operational
within 120 days after initiation of work. Likewise, this installation is depen-
dent upon a firm commitment to heat treat several motor cases.

Two other companies are willing to modify their existing facilities
(company funded) to meet Air Force requirements upon firm cormnmitment
that a need exists for such a facility. They are: Hydraulic Press
Manufacturing Co., Mount Gilead, Ohio., and Cal Doran Co., Los Angeles,
Calif,

General Electric, Cincinatti., presently has an operational Gantry
Furnace capable of 120 inches in diameter and is atmospherically controlled.
Quenching Tanks are available. Aerojet General currently has a 100 inches

diameter Gantry Furnace with atmospheric control.

Table 1 lists all the large vertical lathes that were located and the speci-
fications of each machine. This list is probably not complete, but certainly
represents a very large portion of what is available throughout the country,
Approximately 100 companies were contacted but only those companies that
have mills of the size larger than 12 feet in diameter were listed. The ready
availability and low utilization of vertical lathes suitable for use without modi-
fication makes this method of machining case segments most attractive at
present. The limiting factor in this case was found to be the vertical clear-

ance on these machines. This could impose length restrictions of



Comganx

A, O, Smith Co.
Milwaukee, Wis.

Vernon All Steel Co.

Nordberg, Corp.
St. Louis, Mo.

Giddings and Lewis
Fond Du Lac, Wis,

C.H. Wheller Co.

Blaw Knox
E. Chicago, Ind.

Manitowoc Engr. Co.
Manitowoc, Wis.

John Mohr and Sons
Chicago, I1l.

Cal Mach
El Monte, Calif,

Allis Chalmers Co.
Milwaukee, Wis.

Threadwell Const. Co.
Midland, Pa.

Baldwin-Lima-Hamilton Corp.
Eddystone Division
Philadelphia, Pa.

VERTICAL LATHES

TABLE 1

New, will not modify

Impractical to modify

Operational Nov 61

A builder of VTL's

Maximum Vertical Tolerance
Diameter Clearance On

(Feet) (Feet) Diameter Remarks
20 16 ft +, 005

20 12 *, 002

20 12 %+, 005

20 12 *, 002

19 12 +, 003

24 12 +,003

24 14 *, 002

25 15 +, 005

26 91/4 +, 008

27 25 %, 005

16 18 %+, 005

16 18 "

28 15 "

30 18 "

40 18 "

30 12 %, 0001 For Sale
35 20 +, 008

40 16 +, 008



TABLE 1 (CONT.)

Comgany

Newport News Shipbhilding
Newport News, Va,

Conelsville Mfg. Co.
Connelsville, Pa.

Consolidated Western

Leo Kinco Co.
Montebello, Calif.

Nat'l Steel Supply
Los Angeles, Calif.

Manitowoc Engr. Corp,
Manitowoc, Wis,

Blaw Knox
E. Chicago, Ind.

Consolidated Western Steel
Maywood, Calif.

Hufford Mach. Works
El S~gundo, Calif.

Nordberg Corp.
St. Louis, Mo,

Wm. B. Pollick Co.
Youngstown, Ohio
Westinghouse Corp.
Naval Ship Yard
Seattle, Wash,

Naval Gun Factory

Maximum
Diameter

(Feet|

42
16

16
16

12

14

14
12
12
12
12
22
16.67
22

14
12

12
14
17

Vertical
Clearance

‘Feet!

25-1/2
16.9

5 ft. 10 in,
8

12

10

10

7.2

11

-

14

10

Tolerance
On
Diameter

Remarks

*, 005
%, 005

%+ 010
%, 002

*,010

%, 000-1/2

%, 005

*,002

%, 002

$100, 000 estimated

to modify VTL to
obtain 14 feet vertical
clearance.

Interested in
Modification

Being Utilized
Can modify at
reasonable cost to

obtain vert. clearance

Surplus machines



TABLE 1 (CONT.)

ComEanz

Stearns Rogers Co.
Denver, Colo.

Portland Industrial Co,
Portland, Maine

Bethlehem Steel Co.
Bethlehem, Pa,

Babcok and Wilcox
Barbeton, Ohio

Erie Forge and Steel
Erie, Pa.

Excelco Developments, Inc.
Silver Creek, N. Y.

General Electric Co.
Evendale, Ohio

and
Schenectady, N. Y.

Maximum Vertical Tolerance

Diameter Clearance On

(Feet) ({Feet) Diameter Remarks

16 ft, 11 ft. 6 in. +, 005

13 ft. 12 ft. 4 in. %, 005

12 10 Can modify with

16' 9-1/2 blocks to obtain

16 9-1/2 vertical clearance

24 9

23 10

25 13 ft. 4 in, +, 005

16 18 +, 005

15 10 +, 005 New; ready

25 12 " by 1 Nov 61

10 13 Currently being

10' 13 installed.

131.4» 16-18 Increased vertical
clearance with blocks.

16! 14

24 14

20! Unknown

11



approximately 16 feet for the segment length if the motor production rate
exceeds the machining capacity of the mills available with 16 feet vertical
clearance or larger. However, the number of machines available is con-
sidered adequate to handle maximum production requirements through

qualification test (except for 200 inches diameter) if the segment length is

limited to approximately 16 feet.

Construction of new larger size vertical lathes is possible, but would
require 18 months per machine and cost approximately one million dollars
each. Since only a few companies are capable of manufacturing these
machines, only a limited number of new machines could be realized in the
next several years. Therefore, it is considered advisable to use existing
machines rather than relying upon the construction of new machines at the

present time.

Only a very limited number of horizontal engine lathes are currently
available that could accept large diameter motor cases without extensive
modification. The main disadvantage of the horizontal engine lathe would
be the large amount of special tooling and operations required to prevent the
case segment from "sagging" in the middle during machining operations.

This would not be required for machining operations in the vertical position.
The main advantage offered from use of horizontal engine lathes is the longer
bed length generally available which will eliminate restrictions on segment
length imposed by vertical lathes. However, for an extremely lar; e develop-
ment program (dual contractor effort) with large production rates, the number
of horizontal lathes that could even be considered for modification appears

marginal since only four of the companies contacted had such machines.

Two large machining companies, the Excelco Development Inc., and
Kaiser Fleetwing, Inc., have indicated that they would each modify two existing
engine lathes to accept up to 160 inches diameter swing., These modifications
would take approximately five months and ROM costs are approximately
$100, 000 for each installation.

12



Machined Ring Forging Technique.

Even though this fabrication technique would require more than twice the
quantity of steel to produce the same number of finished motor segments, the
steel billet production capacity quoted previously is still considered to be
adequate for either D6aC or AMS 6434 material,

Due to the relatively small amount of flat plate required for this method

of fabrication, no problem will be encountered.

The Ladish Steel Co., Cudahy, Wis,, has a ring roller facility presently
in operation that is capable of rolling the forged cylinders to diameters
greater than 200 inches, Their maximum production rate would be approxi-
mately four large forgings per day which would require nearly the total billet
output of one 50, 000 pound billet per day from each of the steel companies

mentioned previously (D6aC only).

Even though this technique requires much more machining than the roll
and weld process, the large machine requirements for the finished segments
can be considered to be the same as with roll and weld. This assumes that
most of rough machining on the shorter length forgings could be p..formed
on the large number of machines available with smaller vertical clearance
(See Table 1) and thus not tie up the more critical large machines. This
approach could be much more inefficient if the required machines were
separated geographically, and tends to complicate and raise the expense for

this method of fabrication.

The expandable mandrel facility would not be required for this method

of fabrication.

The composite ring forging method of fabrication has requirements for
heat treat and welding similar to that required for the roll and weld technique.

The discussion of available facilities for these items is therefore applicable.

Power Shear Spinning Technique.

The largest rocket motor cases fabricated by the power shear spinning

process is the first stage Minuteman, 65 inches diameter and 120 inches long.

13



The largest spinning facility presently available is capable of forming case
segments up to 120 inches diameter and 300 inches long if the "back-spinning"
process is used. Since shear forming has not been demonstrated for the
larger diameters being considered, this method of fabrication cannot be con-

sidered for large case segment fabrication at the present time.

The above mentioned facility is located at the Hufford Machine Works Inc.,
El Segundo, Calif. They are currently designing and plan to build a similar
facility capable of producing 175 or 200 inch diameter segments up to 300 inch
long as well as closures of the same diameters. The estimated cost for this
facility will be two and one-half to three million dollars. This unit cannot be

operational in less than 18 months.

The Curtis Wright Corp. is also spinning Minuteman cases and estimate
facilities could be built to produce 17 feet diameters for $400,000. In view
of Hufford's estimate of two and one-half to three million dollars for a

similar facility, it is not believed that the C. W. estimate is accurate.

When considering the spinning technique, the foregoing discussions
on the available facilities for the roll and weld fabrication technique are
applicable for heat treat facilities, machining capability, ring forging pro-
duction (for joint rings), expandable mandrels, and welding. In addition,
similar quantities of large ring forgings, as discussed under the composite

ring forging technique, would be required for the spinning blanks.
TRANSPORTATION.

The 100 inch and 136 inch diameter case segments can be handled easily
by all forms of available transportation including truck, train and air
(C-133 only).

The 156 inch diameter case segments can only be moved by special
routing on truck or train. Truck movement is not practical for long distances
because of traffic and routing problems, however, short hauls in conjunction
with train movement is considered practical as well as necessary. The maxi-

mum envelope permissible in continental United States for rail shipment is
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14 feet wide by 17-1/2 feet high. This requires special routing and special

drop center flat cars. The maximum weight limitation is 500, 000 pounds.

The 200 inch motor segment dimensions exceed the maximum allowable
dimensions that may be shipped in the United States by truck, train or air.
Thus, all long distance movement of segments would have to be done by water
transportation. This eliminates several manufacturing companies from con-

sideration because they are not located on navigable waters.
FACILITIES REQUIREMENT SUMMARY.

Tables 2 through 5 of this report summarize the facility requirements
for fabricating rocket motor case segments of 100 inch, 136 inch, 156 inch
and 200 inch diameters. A discussion of the critical or prime items for each

size is included.

Roll and Weld Technique,

As can be seen in Tables 2 and 3, the 100 inch and 136 inch diameter
sizes require only the expandable mandrel facility. There are four companies
that indicate an interest in fabricating such a facility; Arrow-Smith Tool and
Die Co., Inglewood, Calif., Grotness Machine Works, Chicago, Ill., Hufford
Machine Works, El Segundo, Calif., and Vernon All Steel Co., Chicago, Ill.
The shortest estimated lead time is three months by Arrow-Smith and the
longest is 12 months by Grotness Machine Works (see appendix for discussion),
Conservative estimates are that a complete facility can be installed within
three to four months for $150, 000.

156 inch diameter: The maximum number of vertical boring mills
required during this program would be twelve. It is known that at least
fourteen are available with vertical clearance greater than 14 feet in addition
to a few horizontal engine lathes with the required capacity. It is assumed
that Consolidated Western Steel Co., will have a satisfactory heat treat fur-
nace operational before this item becomes critical. If this does not material-~
ize, any of several companies will build or modify a suitable facility within
six months with their own funds. This is based upon firm commitment for

future orders. (The best estimated cost for a new facility is $600, 000 to
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$700,000). Similarly, a suitable stretch press facility (expandable mandrel)
can be installed in three to four months for $150, 000,

200 inches diameter: Several problems arise with the 200 inch diameter.
The survey conducted revealed only nine vertical boring mills with a vertical
clearance of 14 feet or greater located near navigable waters. In addition,
one horizontal lathe was found with adequate clearance. It is not considered
advisable to modify existing inadequate lathes when considering diameters of
this size, It is estimated that 23 machines at 80% utilization would be
required to meet peak motor production schedules during PFRT. Construction
of the additional machines could be done at approximately $1, 000, 000 each,
but the lead time would be nearly 18 months. Since only three companies,
Bullard Co., of Bridgeport, Conn., Baldwin -Lima-Hamilton of
Eddystone, Pa., and Gidding and Lewis of Fon Du Lac, Wis., are actively
engaged in manufacturing such machines, limited production rates may have
to be considered until suitable facilities can be obtained near navigable

waterways.

A heat treat facility would likewise be required for the 200 inch diameter
motor program. The minimum cost for such a facility would be approxi-
mately 1,000, 000 and would require six to eight months for installation. The
Consolidated Western furnace would be large enough, but transportation
problems would limit the practicability of such a setup. It would be more
desirable to have the heat treat facility close to the machining facilities,

most of which are located on the East Coast.

A suitable stretch press facility can be installed at any desirable loca-
tion within six months for $300, 000 to $500, 000. Other required facilities
are considered adequate but serious consideration should be given to con-
solidation of all required facilities into a centralized location close to navi-
gable water. Use of existing facilities does not appear practical for efficient

fabrication of 200 inch diameter motors.

Machined Ring Forging Technique.

Case Segments 100 and 136 Inch Diameter: See Tables 2 and 3. No

additional fa:ilities would be required to meet the minimum requirements

16



for production as developed herein. However, a fixed amount of special
tooling would be required to adapt existing welding facilities to any specific

diameter selected.

Case Segment 156 Inch Diameter: See Table 4. The only facility
required would be the heat treat facility estimated previously at $700, 000,

Case Segments 200 inch Diameter: See Table 5. With the exception
of an expandable mandrel facility, the foregoing discussion on the 200 inch
diameter for the roll and weld technique is applicable to this Composite Ring

Forging Technique. This size does not appear practical with present indus-
trial capabilities,

17



000 ‘0S1¢ = A,.DIY DNITOOL AVIDIAdS*

000 ‘0S1 LSOD TVLIOL

== 0 0 L4
- 0 0 dLvnoaav
== 0 0 *JALVNOIAAV
== 0 0 Jivnoaav
== 0 0 dLvVNo3Iav

ON 9 000 ‘0ST I 0
== 0 0 divndoaav

== 0 (] 91
JINIL avd1 LSOO a.03y ATAVTIVAV

ALTTIOVA TTVNOLLIAAv ‘ON

SHILITIC VA DNINYOJd LOH

NOILDNAOY¥d JLVId 1vT1d

ONITIM

SYINWYOA TTOY

SAILTTIOVA ONIY aIdDHI0J

STHYANVIN ITAVANVIXT

SHILITIOVA LVIAYL LVAH

SIHLVT TVOLLYJA

SHILTTIOVA

YALINVIA STHONI 001 YOd SINIAWIVINDIY STILLITIOVA

NOILVOI¥dVd dASVO YOLOW 1IIID0YH

Z '19dV.L

18



000 ‘0ST
-- 0
-- 0
-- 0
-- 0
-- 0

OW 9 000 ‘0ST
-- 0
-- 0

INLL QvaT 1S0D
ALTTIOVA

000 ‘0S1¢ = A.0DFY DNITOOL TVIDIAJS*

LSOD TVLIOL

a.oay
TVNOLLIaAav

dLvVNoIaav

JdLvndoIaav

JdLvNoIav

dLvNoIav

14

ATEVTIVAV
‘'ON

SHILITIOVA DNIWNYOJ LOH

NOLLONAO¥Yd FLVId LVTd

*ONITTIM

JINYOL TT10Yd

SILLTTIOVA DNIY AIDYOJ

STIYANVIN ITIVANVIXH

SHILITIOVA LVIAYL LVIH

STHLVT TVOLLYIA

SILLITIOVA

YALIANVIA STHONI 9¢1 JOJ SLNIWIYINOAY SATLITIOVA

NOILVOI¥EVA IASVD YOLOW LIAMOOYH

¢ I'1dV.L

19



‘ALTITIOVA DNILILSIXd 0 NOLLVOIIIAOWN %%

000 ‘0S1$ = AQ.OIAY DNI'TOOL TVIDIAJS =*

000 ‘00€ LSOO TVIOL
== (] 0 1 SHLLITIOVA DNINYOJ LOH
== 0 0 JdLvVNoIav NOILONAOYd ALVId LVTd
== 0 0 JivnoIav *ONITTIM
== 0 0 divnoIaav SYINYOL TT10¥
== 0 0 dLvV N03Iav STLLITIOVA ONIY d3DJ04d
‘ON 9 000 ‘0ST 1 0 STIHANVIN TTAVANVIXT
‘ON ¢ *%000 ‘051 1 0 SHILTTIOVY LVIAHL LVIH
== 0 0 14! STHLVT TVIOILLYJAA
JINIL avdT LSOO a.oay dATAVITIVAY SIILTTIOVA

ALTIIOVA TVNOILIAAV ‘ON

YALIANWVIA STHONI 95T YOI SINIWIAHINOAY SAILITIOVA

NOILVOIYAVd JISVD YOLOW ILDIDONA
¥ I1avl

20



‘ON 9-¢
‘ON 8-9
‘ON 81-21

JdNIL avd1

000 ‘0S¥ ‘¥1

000 ‘0ST

000 ‘00¢€

000 ‘000 ‘1

000 ‘000 ‘€1

LSOO
ALITIOVA

000 ‘0518 = A,0DFTY ONI'TOOL TVIDAIS*

LSOD TV.IOL

I JINON

0 JLvVN0IAV

0 *ALVNOIAV

0 ICOA gololcie) 4

0 d1ivnoIaav

el ot

a3y TTHAVIIVAV
TVNOILIAav ‘ON

STLLITIOVA DNINYO4 LOH

NOILLDONAOYd JLV'Id LVITd

ONITIM

SYINYOL TTOY

ALTTIOVA ONIY dI3DJ0d

STIYANVIN TTAVANVIXA

*STLLTTIOVA LVIYL 1LVIH

STHLVT TVIOLLYJIA

SITLLITIOVA

YILINVIA STHONI 002 40d SINTFWIHINOIAY SALLITIOVA
NOILVOI¥gVd JSVDO YOLOW 1LIND0¥

S A'TdV.L

21



PART II
FABRICATION OF ROCKET MOTOR CLOSURE §

FABRICATING TECHNIQUES CONSIDERED.

Spinning Technique.

Basically, two types of fabrication techniques utilizing spinning were

considered for this study.

1. The first technique currently employed on the large segmented
motor program and the most advanced to date is hot forming. Flat plate
steel is rolled to shape over a mandrel at elevated temperatures. The rolling
reduces the thickness of the steel by approximately 20 percent, but is control-
lable. Machining of the internal surface of the closure is not necessary, but
grinding is required on the external surface. Joint ring forgings must be
welded to the formed closure in a manner similar to that used in the case
segments. Then, the entire assembly is heat treated, obtaining the desired
stress level and sand blasted prior to final machining. The relatively un-
sophisticated equipment required for this method of fabrication (due to the
small forces required to roll flat plate steel) make this method extremely

attractive for large rocket motor closures.

2. The second spinning technique availab e is power shear spinning (see
power shear spinning for case segment). A for -ed billet is utilized rather
than a flat plate. The spinning forms the metal 1a cold conditions over a
mandrel shaped to the internal dimensions of the finished closures. Heat
treatment is also required. The joint ring can be formed as an integral part
of the closure thus the need for welding an additional joint ring forging is
eliminated. This spinning technique is ideally suited to forming surfaces of
revolution (such as motor closures) but the large spinning equipment and
special tooling required (due to the large forces required to shear steel forg-
ings in the cold state) make this method less attractive for closures at the

present time.
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Welded Section Technique.

(Orange Peel Technique) This fabrication technique involves the welding
of several stamped steel plates to form the finished closure. Expensive
stamping dies are required to make the individual pieces prior to welding.
These pieces then would require stress relieving prior to welding to relieve

any stresses induced by the stamping operation.

This concept has been used mainly for smaller sizes to date. The large
amount of welding, special welding fixtures, and radiographic inspection
make this fabrication technique less attractive but not prohibitive. Further-
more, dimensional tolerances may dictate an expensive sizing operation after
the large amount of welding. Similarly, a joint ring forging must be welded
to the finished weldment, then the assembly must be heat treated prior to the
final machining. Thus, because of economic consideration, this fabrication

technique has been discounted for this study.

Explosive Forming Technique.

This concept is unique inasmuch as the closure is formed by an explosive
force usually propagated by water. Flat steel plate is placed under water
over a die of the desired shape. A shaped charge is detonated to provide the
explosive force with water used as the medium to transfer the force to the
steel plate. A costly die has to be fabricated for each closure size and tests
must be conducted to ascertain size of charge required. Heat treating and
machining of ends are required. There is considerable risk of breaking dies

which make this method less attractive at the present time.

AVAILABLE FACILITIES.

Spinning Technique.

The following spinning facilities (starting with flat plate), are available.

1. Hot Forming.
It is believed that the largest hot forming capability for closures
exists at Hanson Brothers, Inc., Whittier, Calif., and can form up to 160
inches in diameter with minor facility modification. The present facility

requires specialized manual control to form the heads and is rather
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inefficient, but can do a satisfactory job. To date, eight 100-inch diameter
closures have been successfully fabricated using the present facility. This
existing facility can produce closures at a rate of one per week on a production
schedule. Sixty days would be required to design and build all tooling re-
quired for any new motor diameters selected and this would be provided by

the contractor.

A new hot forming facility with automatic control suitable for spin-
ning heads up to 240 inches diameter can be constructed in six months for
$150,000. This facility would permit an increased production rate and offer

excellent reproducibility at a cost comparable to the manual operation.

The Phoenix Products Co., Phoenix, Ariz., has a hot forming capa-
bility of 144 inches in diameter. The tooling lead time is estimated to be 14
to 20 weeks and would cost about $50,000.

Spincraft, Milwaukee, Wis., is capable of hot forming dome closures
up to 120 inches in diameter. They have estimated that $200,000 would enable
a new machine to be build in 12 months to increase their capacity to any of

the sizes considered.

General Electric, Cincinnati, Ohio, can hot form closures up to 100

inches in diameter.

2. Power Shear Spinning.

The same discussion presented earlier for fabricating case segments
using the spinning techniques applies to motor closures. This technique is not
presently developed for the iarger diameters under consideration, and cannot

be considered for use at the present time.

Welded Section Technique.

Many of the large fabricating companies would have the capability to tool
up and produce closures by this method. After the special stamping and early
welding operations, the final welding and machining operations parallel that

required with the hot forming or explosive forming techniques.
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Explosive Forming.

This method of fabrication has not been demonstrated in the sizes
required. The leading companies that have done work in this field are:
Aerojet-General Corp., Downey, Calif.; Allison, Indianapolis, Inc.,
Rocketdyne, Canoga Park, Calif.; Ryan Aeronautical, San Diego, Calif. A
12 foot diameter, 1/8 inch thick closure was formed by Aerojet, Downey,
Calif. All of the above companies state that it is entirely feasible to form
large closures in this manner, but estimates are contradictory as to the
tooling cost. The tooling costs estimated ranged from $40, 000 to uncom-
mital (high cost). It is believed that the dies used in explosive forming
would be extremely costly with today's technology, and a single improper
explosive charge detonation could cause extensive damage to the dies and
may require replacement of the dies. Currently, more desirable materials
and techniques are being developed to reduce die costs and improve the
operation, after which time, this technique can be considered for production
fabrication of large closures. However, at this time, explosive forming is

still considered to be a high risk approach.
FACILITIES REQUIREMENT SUMMARY.

Two of the fabrication techniques considered for rocket motor closures,
hydrospinning and explosive forming, are not considered desirable for a
large motor program at the present time. The welded section technique
does not require any special facilities in addition to those outlined under the
roll and weld technique for case segments, but a large amount of special
welding and forming tooling will be required for this technique. Table 6
summarizes the facility requirements for fabrication of rocket motor closures
using the hot forming technique. It can be seen that facilities are not required
for 100, 136, or 156 inch diameter closures. Even though there is only one
hot forming machine of the size necessary, it is believed that it will be
adequate to meet the program schedule. Opinions have been expressed by
the leading machine builders that it is feasible to hot form 240 inch diameter
closures,
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CONCLUSIONS

1. The roll and weld fabrication technique is the most desirable for all sizes
of case segments considered. The machined forging technique (heat treatment
after assembly) is considered acceptable as an alternate, but secondary,

approach due to economic considerations.

2. The hot shear forming fabrication technique is the most desirable for all

sizes of motor closures considered.

3. Sufficient quantities of Ladish D6aC or AMS 6434 (modified to AMS 255
or 256) steel are available in required form to support any of the programs

presented.

4. Rail transportation is practical with 100, 136, and 156 inch diameter
segments throughout continental United States. Movement of all 200 inch

diameter segments is limited to water transportation

5. Segment length should be limited to sixteen feet if production schedules

are to be met immediately with existing machining facilities.

6. Segment length can exceed sixteen feet only if costly, time consuming,
coordinated effort is initiated to modify a large number of machining facili-
ties throughout the United States.

7 Minimum facilities required (additional facilities would be desirable and

enhance program as discussed in text) to meet production schedules are:

Diameter

(Inches) Facilities Required Cost Lead Time
100 and 136 Stretch Press $ 150,000 3 .6 mos
156 Stretch Press 150,000 3 -6 mos

Heat Treat (Modify) 150,000 3 mos
200 Machining 13,000,000 18 mos

Heat Treat 1,000,000 6 - 12 mos

Stretch Press 5,000,000 6 - 12 mos
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RECOMMENDATIONS

For immediate state of the art production of large solid propellant rocket

motors the following criteria should prevail:

1. Rocket motor case diameters should be limited to 160 inch maximum.
Segment lengths should be limited to 16 feet maximum.

Utilize the roll and weld fabrication technique for cylindrical
segments.

4. Utilize the hot forming fabrication technique for closures.
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APPENDIX I
CALCULATION FOR JOINT MACHINING TIME
(The 100 Inch Diameter Joint was used to scale up to the Larger

Diameter Joint to predict Joint Machining Time.)

100 Inch Diameter Joint Forging

Cross Section Area (Fig. B)

Rough Forging: 6.38 in.2
Final Shape : 3.62 in?
Area Change: 2.76 in? - 43.2%

Total Volume of Finished Joint

w

3.62 inZ x 100w

1140 in.

Volume Change

2.76 il'x.2 x 100w 866 in.3

t

160 Inch Diam.eter Joint Forging

Cross Section Area (Fig. A)
Final Shape: 12.79 inZ2

Total Volume of Finished Joint
12.79 in% x 160n = 6440 in3

Due to the basic simplicity of design for the 160 inch diameter joint,
it is estimated that only 30% of the rough machined forging should be removed
(instead of 43.2%).

Volume of Rough Forging

6440
X

.70
6440.70 = 9200 in3
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APPENDIX I (Cont)

CALCULATION FOR JOINT MACHINING TIME

Volume Change
9200 - 6440 = 2760 in.>
Net Increase in Material Removed
2760/866 = 3,18 times
100 Inch Diameter Takes 50 Hours to Machine Each Joint
Plus 24 Hours to Set Up Each Joint
For 160 Inch Diameter Rings Assuming 3.18Times
3.18 x 50 x 2 = 318 Hrs

30 Hours x 2 = 60
378 Hrs Total Machine Time

380 Hrs = 2.25 wks/seg n 2.5 wks/seg

4.3/2.5 = 1.7 seg/no/machine

5 Machines /3 Segments/Month
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Appendix I (Cont.)

TOTAL VOLUME FINISHED JOINT = 6440 IN.

2.45" | — _L'SO"
e p 77T

T

13,25

FIG. A 160 INCHES DIAGRAM SEGMENT JOINT
Approximate scale 1" = 4,0"

TOTAL VOLUME FINISHED JOINT = 1140

1.536!

1.734"-
L 5.7"

FIG. B 100 INCHES DIAGRAM SEGMENT JOINT
Approximate scale 1" = 4,0"
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APPENDIX I
EXPANDABLE MANDRELS

Basically, there are two methods of fabricating expandable mandrels.
The easiest facility to build is one that has a "short" mandrel of three or
four feet in length. The case is expanded three or four feet at a time until
the whole length of the case is expanded. The tolerance capability on the
ends can be held to *. 005 inches, but the tolerances along the length of the
case are only held to %. 030 inches,

The second method of fabrication is building the mandrel to the length
of the case. The whole case is then expanded at one operation. The toler-
ances probably can be held to %, 005 throughout the case. However, the cost
of the "long" facility is considerably more, and skepticism exists as to the
feasibility of being able to fabricate such a facility for such large sizes,
Cost estimates were as high as $500, 000 and 12 months to fabricate.

It is believed that £, 030 inch tolerance along the case wall is adequate,

and therefore, the facility cost estimate reflects the short mandrel facility
cost.
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